SUMMARY The purpose of this experiment was to study sequential histogenesis of colonic epithelial tumours in the dimethylhydrazine (DMH) induced rat colon cancer model. Seventy outbred female Wistar rats treated with DMH (40 mg/kg, subcutaneously weekly for five weeks) were killed and autopsied in batches of 10 every five weeks from the 10th to 40th weeks from first treatment. The resulting 378 colonic lesions were assigned to benign or malignant categories using each of three standard histopathological thresholds of malignancy: a, the transition from dysplasia to intraepithelial carcinoma; fP, invasion through the crypt basement membrane; and y, invasion through the muscularis mucosae. These comprised 79 'benign' and 299 'malignant' or 273 'benign' and 141 'malignant' lesions depending on the threshold (a or y) assigned (p<0-001). Decreasing ratios of pre-threshold to post-threshold lesions between 15 and 40 weeks (a, 2.0 to 0 051; f, 3.5 to 0 57; y, 8.0 to 0 87) provide some support for an 'adenoma-carcinoma' progression for each. Comparison of time-dependent prevalence curves confirms that the a threshold (cyto-architecture) is qualitatively different from the P3 and y thresholds (invasion), showing that the adenoma-carcinoma and de novo hypotheses need not be mutually exclusive. The time-dependent prevalence data support de novo origin of some carcinomas, as well as at least two other modes of accrual for neoplastic lesions.
The proponents of the adenoma-carcinoma sequence adduced a comprehensive body of epidemiological, clinical, and histopathological evidence to support the idea that most human colorectal carcinomas arise from adenomatous polyps.'" Final pathological proof is difficult to obtain in man, however, as most adenomatous polyps are surgically removed when discovered, thereby interrupting the natural course of the disease. For this reason, attention turned to the use of animal models of colon cancer, where colonic tumours can be studied under controlled laboratory conditions.
Although some experimentalists could claim evidence for an adenoma-carcinoma sequence,"' they mainly supported a de novo origin for the majority of chemically induced colon carcinomas.'-'4 It is now becoming appreciated that in appropriate conditions either hypothesis for the route to invasive cancer may apply in man"21"18 as well as experimental
The aim of the present experiment was to follow the histogenesis of colonic epithelial tumours in groups of rats treated with a short course of dimethylhydrazine, a colon carcinogen, and subsequently killed at standard intervals. By using three different histopathological thresholds in classifying the same set of tumours, we were able to compare progression through the different thresholds over time. It To avoid any inconsistency in the choice of histopathological terms, a new systematic approach, which recognises the morphological spectrum of colonic epithelial neoplasia and also allows for simplicity in analysis, is adopted in this study. We propose that this spectrum be divided into four subsets of increasing malignancy separated by three thresholds, called a, ,, and y respectively. ct defines the thresholds between intra-epithelial dysplasia of moderate severity and carcinoma in situ (CIS), , defines the threshold between CIS and intramucosal carcinoma -that is, invasion into the lamina propria, and y defines the threshold between intramucosal and transmucosal carcinoma -that is, invasion beyond the muscularis mucosae into the submucosa. Terms such as pre-a or post-,B accurately specify all the lesions to one or other side of any chosen threshold, without resorting to the terms benign or malignant. The economy of this terminology emphasises that the only property described is the position that the lesion occupied at the time it was sampled in the continuous spectrum of development of neoplasia in the organ. Every lesion can be classified in relation to all three thresholds, allowing the comparisons described below.
DEFINITION OF HISTOPATHOLOGICAI, SUBSETS BETWEEN THRESHOLDS
To avoid any ambiguity and to provide easy reference, we used the following well recognised histopathological definitions for the four subsets lying between the thresholds. Dysplasia An unequivocal neoplastic epithelial proliferation characterised by nuclear stratification, pleomorphism, hyperchromatism, and loss of polarity,26 but excluding the most severe degrees described as carcinoma in situ (below). In this study we also examined the ratios of the prevalence of pre-and post-threshold lesions for each threshold for each five week period. We expected that the series of ratios for each threshold would show the relationship over time between the pre-threshold ('adenoma') and post-threshold ('carcinoma') lesions for that threshold. Theoretically, if there is any direct evolutionary relationship between the 'adenoma' and 'carcinoma' lesions, this will be reflected in changes in the ratio over time. If, however, the two tumour types are unrelated, the numbers of pre-and post-lesions will change independently. In this way, we were able to compare the reliability of the three histopathological thresholds of malignancy as indicators of the adenoma-carcinoma sequence in experimental colorectal tumours.
Where appropriate, results were analysed statistically by the x2 test.
Results
Forty weeks after the start of the experiment, a total of 378 colonic tumours had been diagnosed in the 70 rats autopsied. The total numbers of tumours of each Rowlatt, C ruse., Iarotni, .SuI iuti liti, (it(t 1 ewivl histological type in each autopsy batch (of 10 animals) are given in Table 1 . The position of each of the three thresholds, at, P and y, is also shown in Table 1 . The ratios of the number of lesions which lie to either side of each threshold (its adenomacarcinoma ratio) are given for each autopsy batch in Table 2 . Comparison of the prevalence of pre-and post-threshold lesions in each autopsy batch -that is, at each time period -are illustrated in Figure 6 .
(1) Inspection of the data in Table 1 shows a progressive trend to increased numbers of histological lesions with time in every category except prea (dysplasia).
(2) The rise and subsequent fall of the pre-a lesions (Fig. 6, threshold a) shows that these lesions with only mild to moderate dysplasia accumulate and most are subsequently lost, probably to post-threshold forms.
(3) The accumulation of post-a lesions with time ( Fig. 6, threshold a) suggests that the post-u lesions accumulate at the expense of pre-a lesions. The late increase in post-a forms, however, far exceeds the number available from the pre-a group and suggests that this stage may be passed very rapidly or omitted.
(4) The pre-4 and pre-y curves (Fig. 6, thresholds [3 and y) both show initial accumulation Cand then somc loss followed finally by apparently exponential accumulation. The two rates of accrual reveal two biological processes. Of the initial burst ot lesionIs, some and possibly all are lost (presumably) to the more severe post-threshold stage. This effect is, however, subsequently overtaken by an exponential form of accrual and some (possibly all) of these progress to the post-threshold stage.
(5) The exponential trend in the post-y curve confirms previous work showing that invasive adenocarcinoma induced in rat colon accrues in this way.
(6) The occurrence of one of the few mucous/signet ring cell carcinomas as a post-y lesion earlier than the first pre-( lesion (Table 1) shows that not all malignant lesions are preceded by a benign one. Furthermore, Table 1 confirms that this histopathological entity occurs at a low steady rate over time which contrasts strikingly with the accrual of the majority of lesions described in paragraph 4 above. (pre-threshold/post-threshold) ratios for each threshold (Table 2) show a trend, decreasing over time, for all three. This provides experimental support for the concept that pre-threshold ('benign') lesions progress to post-threshold ('malignant') lesions over time in the majority of cases. At a given point in time, however, use of different thresholds produces significantly different numbers of lesions in each category, and the quantitative effect can be considerable (Table 1) . Taking the whole population of lesions and using threshold a as the criterion of malignancy, we obtain 79 'adenomas' (pre-x lesions) and 299 'carcinomas' (post-a lesions). Similarly use of threshold y produces 237 'adenomas' (pre-y lesions) and only 141 'carcinomas' (post-y lesions). This is a statistically significant difference (p<0O(01). The results show a clear accumulation of postthreshold lesions over time at the expense of prethreshold lesions whichever threshold is used. This is illustrated by the changes in the ratios of pre-to postthreshold lesions ( Table 2) . As the ratios for each threshold tend to decline progressively, this provides some support for the hypothesis that there is a direct evolutionary relationship between the pre-and postthreshold lesions, and so for an adenoma-carcinoma sequence. The a threshold and P and y thresholds, however, are qualitatively different (Fig. 6) , as tumour behaviour is assessed by cyto-architecture and invasion respectively. We conclude that the de novo and adenoma-carcinoma hypotheses, as they use qualitatively different criteria, are not mutually incompatible.
The accrual patterns of pre-3 and pre-y lesions (Fig. 6) shows invasion by tumour tissue across the muscularis mucosae. The 'TNM' system of the UICC`relies for the diagnosis of malignancy on architectural and cytological criteria which can be independent of this threshold of invasion. In general carcinoma in situ (Tis) is listed without qualification, although 'an intraepithelial tumour without invasion of the lamina propria' is specified for stomach. In the current edition intramucosal carcinoma has been deleted from the T1 category in colon and rectum,`à nd by default must now be recorded in the carcinoma in situ category (Tis).
When using the anatomical thresholds in the histopathological assessment of malignancy, their limitations should be appreciated. The ct-threshold is the most sensitive, as carcinoma is defined, while still in situ, on architectural and cytological criteria alone with no invasion specified. This would overestimate the numbers of biologically malignant carcinomas as not all the lesions so described need progress. While this may be a suitable endpoint for an experimentalist, it could cause unnecessary interventions in human disease. ct might also be a suitable threshold in epidemiological studies of early colonic cancer.
P3 is conceptually the most important as it defines the threshold beyond which a lesion could be considered invasive. By 
